VACCINES PROTECT US FROM INFECTIOUS DISEASES
There are many types of microbes (such as viruses and bacteria), but only a few of these cause diseases. Disease-causing microbes are called pathogens and when pathogens invade the body they
PATHOGENS
Microbes that can cause disease.
can make you sick. We are studying flu, a disease caused by the influenza virus, which a ects the respiratory system (the lungs).
INFLUENZA VIRUS
The virus that causes influenza (flu).
Flu is di erent from "stomach flu," which is a common term for diarrhea and vomiting. Catching flu makes you feel terrible-normal symptoms include a high temperature (called a fever), muscle weakness, and tiredness. However, some people can get very, very sick, ending up in hospital or even dying. Flu is particularly dangerous for the very young (< year old) and the elderly (more than years old).
THE FLU VIRUS: ALWAYS CHANGING
Flu is a very common, global disease. Each year there is a period of time (a flu season), during which most of the flu cases happen, usually during the winter, but this can vary depending on where you live. For example, in the tropics, the flu season tends to reach its highest point in the rainy season. Influenza viruses also change (or mutate) from year to the next, so that your immune system does
IMMUNE SYSTEM
The cells and tissues in the body that help it to protect itself against infections. not recognize them anymore, and is less able to protect you against infection and disease. This means that, every year, scientists need to check which flu viruses are infecting people and design new vaccines to protect against these current virus strains [ ]. Each year, flu vaccines are usually made up of a mixture or strains that match the main circulating strains.
Sometimes, new strains of virus emerge that are completely di erent from the circulating virus strains. Scientists are really worried about the threat the new influenza viruses could pose to human health. Some new flu virus strains could a ect more people than seasonal flu and cause a global outbreak. We call such strains pandemic strains. One hundred years ago, in , there was a flu pandemic (often called the Spanish flu) that killed millions of people worldwide-even more people than both world wars added together.
The immune system is a system of the body that helps to protect the body against pathogens. One way to prevent flu infections is to use vaccines to train the immune system to recognize specific parts of the virus, called antigens, without making you sick. After being vaccinated, 
THE IMPORTANT ROLE OF THE IMMUNE SYSTEM
To protect us from flu infection, special cells of the immune system, which are called lymphocytes, need to be able to recognize the influenza virus. They do this by recognizing specific antigens from the influenza virus. In our bodies, we have a whole library of lymphocytes and each one is specific for a di erent antigen. So, for example, your body has influenza-specific lymphocytes, and after they "see" influenza antigen they multiply and help the body fight the influenza virus. We can group the lymphocytes by the way in which they prevent infections: B lymphocytes (B cells) produce antibodies (molecules that However, the process of activating lymphocytes can take several days, and in that time the flu virus can do a lot of damage. To avoid this delay in response each time we are infected by a virus, the immune system has a clever process of remembering viruses it has seen before, so that it can act more quickly the next time. This response is called immune memory [ ].
VACCINES TRAIN THE IMMUNE SYSTEM
Flu vaccines are like a training session for your immune system. They contain antigens from influenza and they train immune memory without the body being exposed to the real virus. If the body encounters influenza virus after vaccination, the antigen-specific memory cells will be ready to respond quickly. So, with vaccines, we get immune memory without the pathogen causing any damage-a safe and e ective way to protect against disease. worldwide. In this article we will explain how this vaccine is di erent from other flu vaccines, and how it can even protect unvaccinated people from getting sick.
WHAT IS A LIVE ATTENUATED VACCINE?
There are many di erent types of flu vaccines. Some contain a killed preparation of the whole virus, while others contain just one or a few pieces (antigens). Other vaccines contain live pathogens that have been weakened (or attenuated), so that they do not cause
disease: these are called live attenuated vaccines. The good thing about live vaccines is that they usually work much better than other vaccines. This is because a living microbe is able to reproduce in the body, leading to more activated immune cells and stronger immune memory.
ARE LIVE VACCINES SAFE?
You might be wondering why live microbes are given to people in vaccines-is this safe? It is a good question! Luckily, live attenuated vaccines do not cause disease in most people, because they have been scientifically weakened to be safe. In the case of LAIV, the flu viruses have been modified so that they can only grow at cooler temperatures. This means that they are able to grow in your nose, which is cooler than the rest of your body because you are breathing in air (∼ • C), but not in your lungs, which are at the same temperature as the rest of your body ( • C). The warmer temperatures in the lung kill the virus in the vaccine by cooking it. But the vaccine can replicate for a short period in the nose, enough to start an immune response that is similar to a natural infection with the real flu virus. The main di erences between LAIV and other flu vaccines are described in Table . It Does Not Hurt Most vaccines currently available for flu are given by injection into the arm. The LAIV is di erent-it is given as a nasal spray, not an injection. Many people think this is much better, because it does not hurt! However, some people who receive LAIV do report some side e ects, including a runny or blocked nose, a headache, muscle aches and a cough [ ]. These side e ects are rare and usually mild and do not last long.
A Nasal Spray-Gets the Vaccine to the Right Place Flu is a disease of the respiratory system, meaning it mostly infects the nose, throat, and lungs. Therefore, for your immune system to have the best chance of fighting o a new infection quickly, the flu-specific immune cells will work best if they are in the respiratory system, too. That is why we give LAIV as a nasal spray-so that the vaccine reaches the part of the body that needs to be protected from the flu virus [ ].
Good for Granny
Interestingly, it is not just the vaccinated children who are protected against infections. Unvaccinated children are really good at spreading viruses around, because they wash their hands less and tend to mix with more people regularly. Vaccinating children stops them from spreading the virus to other people, including babies and older family members who can get much sicker if they get the flu (Figure ) . This protection of people who are not vaccinated is called herd immunity.
LAIV Gives a Di erent Kind of Protection
The injectable flu vaccines are good at creating antibody responses, but not T cell responses. Because LAIV can stimulate strong T cell responses AND strong antibody responses, it is believed that LAIV can help the immune system to protect you from infections, even infections with strains of flu that were not included in the vaccine [ ].
It would be helpful if LAIV can protect against new strains, because at any time a new flu virus could come along that causes more severe disease.
FUTURE SCIENTIFIC QUESTIONS
We are still not sure if LAIV can protect against flu strains other than the circulating ones, which is why more work on how LAIV protects children from flu is needed. By researching how LAIV works and figuring out how it is able to stimulate the immune system, we may be 
